The glucose concentration in the blood represents a metabolic state characterised in all living by variations that can be reliably recorded. It therefore is a parameter suitable for observation over prolonged periods for the classification of physiological oscillations. By aid of the continuous in vivo technique osculations are observed in 3 different fields of indication: 1. high-frequency oscillations after acute metabolic disturbances in ischaemia, 2. medium-frequency oscillations after experimental hyperglycaemia in the intravenous glucose tolerance test, and 3. low-frequency oscillations in the form of diurnal or circadian rhythms. The described oscillations are interpreted not only as an indication of counter-regulation and feed-back but as principal features of individual-specific, self-induced vibrations.
Continuous recording of physical parameters in biological systems has been in use for decades. Electrocardiography, electroencephalography, electromyography, pulse rate and pressure measurements, to name only a few, are obvious parameters for continuous observation. The observed alterations of physical values in a unit of time give rise clinically to therapeutic measures, as conversely the effect of therapy finds an expression in the alteration of physical parameters. These alterations of physical parameters however are based nearly always in primarily biochemical processes. These in turn are subject to periodic phenomena like diurnal or circadian rhythms, just as they are subject to regular oscillations , of other frequences as described for the first time in 1955 with the dark-reaction of photosynthesis (1) . Since then a number of biological systems have been described where border cycle behaviour and oscillations were recorded as external characteristics of so-called feed-back mechanisms (2) (3) (4) (5) .
A typical and almost universal biochemical chain of o processes is gjycolysis, closely investigated in this respect by Hess & Boiteux (6) . This chemical system consists of a series of coupled reactions with catalytic feedback mechanisms. Once such a cycle in a biochemical system is set in motion it persists. The reaction partners act in such a way that they protect each other and a new type of balance develops which may show oscillatory beĥ aviour.
Other evidence shows that cells also manifest on oscillatory behaviour that takes place on a higher organisation level than is the case in gjycolysis (7, 8 
Results

High-frequency oscillations in man and dog after
acute metabolic disturbance with observation periods up to 6 hours:
In dogs and test volunteers a tourniquet with 600 Torr was applied to a lower extremity, under oxygen-nitrous oxide-halothane anaesthesia and controlled respiration, for the purpose of studying the metabolism in ischaemic tissue ( fig. 2> . As early as 15 min after application of the tourniquet great irregularities develop in the glucose curves, and there are distinct venous and arterial pH changes. A part from the tendency of the curves to fall, the decrease of amplitude is noticeable until the lower glucose level is established within the observation period externally administered insulin to influence the glucose homoeostasis which is switched to a steady higher level. After the administration of sulfonylurea to lower the blood glucose, such oscillations were not seen in people with a normal metabolism, or in diabetics.
2. Medium-frequency oscillations after experimental hyperglycaemia in the intravenous glucose tolerance test in man with observation periods up to 20 hours:
In 85 % of potential diabetics with a history and family history, highfrequency oscillations are found during the exponential glucose administration after intravenous administration of glucose. These oscillations however so far admit no interpretative classification with regard to periodicity or amplitude ( fig. 4) . Their amplitudes from peak to peak are on average 1.1 mmol/1 and lie definitely outside the range of error of the chemical method of glucose estimation (SEM 0.036).
There are however additional diminishing oscillations to be found, of a type suggesting a changeover to a new balance and resembling oscillations induced by endogenous factors, Their amplitudes are significant but the significance decreases with time as long as further exogenous influences are present. schema of diminishing oscillations to be expected after a single stimulation. There must therefore be more than one mechanism in operation.
3. Low-frequency oscillations in the form of socalled diurnal rhythms in test subjects and unconscious patients after severe brain and skull· trauma in observation periods up to 36 hours:
If the oscillations with frequencies of 2.4 to 5.2 hours are balanced by averaging the maximal and minimal values of amplitude ( fig. 6 ), there emerges a definite diurnal rhythm with a maximum in the late afternoon and a minimum during the night. This rhythm is also recognisable in so-called normal test subjects, whether they are fasting ( fig. 7 a) or taking their normal food ( fig. 7b ).
Discussion
The inconstancy of the glucose rhythm in one and the same subject indicates that the glucose system is regulated by some periodic impulse originator with a frequency of less than a period in 1.5 hours or a small multiple of this or by some other outside processes not yet discovered. Whatever the process may be, it cannot be connected with the circadian variations or with the intake of food and it is always found at the same time of day, i.e. always in the same phase of the circadian rhythm process. As shown byHalberg's considerations with reference to the adrenal cycle and by Aschoffand his "Phasen-Karten" it is no matter of passive reaction of the organism to the environmental influences changing with the rotation of the earth, but of an endogenous, genetically fixed periodicity characterized by selfinduced vibrations.
An attractive basis for the interpretation of oscillations in living systems would be to assume that for an abstract system, neither traditional nor linear, one single stable mode is created by a border cycle. This explanation is too simple. It seems more likely to connect the described processes with thermodynamic forces of our organism as to be seen in the demonstration of highfrequency oscillations in acute ischaemia: After a 2 hours ischaemia a significant hypoglycaemia is stated in the related extremity left behind intense oscillations. This ischaemic hypoglycaemia reflects an extensive consumption of glucose in the cell for producing energy by anaerobic glycolysis. This appears in an increase of lactate concentrations (14) . At the same time, the glycogen of the muscle is especially reduced. This obviously results from the regeneration of 3 mol ATP from ADP per mol glucose during the anaerobic catabolism of muscle gjycogen, whereas blood glucose must first of all be phosphorylated in the muscle cell with the consumption of ATP and producing only 2 mol ATP per mol glucose. The decrease of glucose concentrations during ischaemia, however, indicates that glucose catabolism exceeds the liberation of glucose from the glycogen depots. The proof that the reactions catalysed by the phosphotransferases and acting as part of the ATP-system are responsible for the oscillations of the glycolysis was furnished by Hess (1) . The hypoglycaemia is so much a common depression of metabolism; it rather represents the effort of cell to win energy by the way of a forced anaerobic glycolysis which is limited by reason of substrate deficiency. The simultaneous hyperglycaemia in the general circulatory system arises from an increased glycolysis contributorily caused by stressinduced adrenalin release. As is well known adrenalin evokes a catabolic effect on carbohydrate metabolism by mobilizing the liver glycogen via the activation of the adenylcyclase.
On the one hand limiting values are reached within these mechanisms, which cause and explain the oscillations as symptoms fo counterregulation and feed-back.
On the other hand the evidence of an individual temporary disposition becomes apparent in this case and more obviously in the conduct of circadian rhythms: Daytime-dependent adjustment of the disturbed physiological equilibrium and the stability of the rebuilt regulation after the derangement of the basic rhythm by ischaemia or glucose injection refer as well as the individual-specific occurrence of different oscillations during the period of regeneration.
For the maintenance of such processes either a central oscillator or a combination of several oscillators is required. Cell studies having shown (4) that quite a number of oscillatory processes exist in the cell, and it would appear that man has many thennodynamic force machines rather than a single, centrat, cyclically operating one. In order to coordinate the activity, the individual oscillating forces must be linked. Whithin an individual cell this linkage takes place through proportionate metabolic pools of reaction partners, as is generally the case. In the linkage of real, non-linear oscillators their combination shows remarkable properties, as e.g. the confluence of common frequencies and phases. They represent a certain synchronization (15),
Owing to his involvement with periodic as well as accidental outside influences, it cannot be expected in man that he shows only one oscillation frequency in his thermpdyriamic processes. One should rather expect a whole collection of forces which potentiate themselves so that certain preferred frequencies can be found. From the physical point of view the forcefrequency spectrum of the metabolism should represent individual spectral lines rather than a continuous spectrum, each line representing a frequency estabilished by the superimpositiori of constellations or oscillator groups. This frequency is considerably more stable than that of a single oscillator so that the "biological clock" in relation to individual biochemical processes is much more accurate and specific for the individual. Nevertheless it must be emphasized, however, that it is not an efficient Chronometrie system, since it cannot enable an organism to effect absolute timing (16) . The frequency of oscillations is dependent on pathways producing energy by the synthesis of ATP. Therefore, it is not independent of other metabolic events.
